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FAST FAULT NOTIFICATIONS OF AN OPTICAL NETWORK 



FIELD OF THE INVENTION 

[0001] The present invention relates generally to the field of networking. More 
particularly, this invention relates to optical networking. 

BACKGROUND OF THE INVENTION 

[0002] An optical network has long enjoyed the sub-60ms self-healing ring architecture. 
As the network grows/the ring topology is no longer suitable of its cumbersome provisioning 
and complex ring inter-working in a large network. The optical mesh network helps solve v 
some of these issues. However, it suffers from a historically slow fault recovery time. The 
ring network is able to achieve sub-60ms protection time because the fault detection and 
protection switching are performed locally where the fault occurred. In a mesh network, the 
fault recovery procedure is executed at the source and destination for end-to-end path 
protection. As a result, the fault notification time has contributed to slow recovery time for a 
mesh network. 

[0003] Most optical transport networks today are based on electronic switching equipment 
which takes light as an input and converts the light into electronic data. It then processes the 
electronic data and converts them back to light. In order to carry the data, different types of 
framing protocol have been developed, such as, SONET (synchronous optical network), SDH 
(synchronous digital hierarchy), and OTN (optical transport network). The framing protocol 
uses a relatively small amount of bandwidth for its overhead data to carry framing 
information, error checking and monitoring, fault notification, and etc. For example, SONET 
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AIS/RDI (alarm indication signal/remote defect indication) protocols may be used to notify 
terminating nodes of an optical circuit of the fault condition in the network. 
[0004] An optical network is a collection of optical network devices interconnected by 
links made up of optical fibers. Thus, an optical network is a network in which the physical 
layer technology is fiber-optic cable. Cable trunks are interconnected with optical cross- 
connects (OXCs), and signals are added and dropped at optical add/drop multiplexers 
(OADMs). The optical network devices that allow traffic to enter and/or exit the optical 
network are referred to as access nodes; in contrast, any optical network devices that do not 
are referred to as pass-thru nodes (an optical network need not have any pass-thru nodes). 
Each optical link interconnects two optical network devices and typically includes an optical 
fiber to carry traffic in both directions. There may be multiple optical links between two 
optical network devices. 

[0005] A given fiber can carry multiple communication channels simultaneously through 
a technique called wavelength division multiplexing (WDM), which is a form of frequency 
division multiplexing (FDM). When implementing WDM, each of multiple carrier 
wavelengths (or, equivalently, frequencies or colors) is used to provide a communication 
channel. Thus, a single fiber looks like multiple virtual fibers, with each virtual fiber carrying 
a different data stream. Each of these data streams may be a single data stream, or may be a 
time division multiplex (TDM) data stream. Each of the wavelengths used for these channels 
is often referred to as a lambda. 

[0006] A lightpath is a one-way path in an optical network for which the lambda does not 
change. For a given lightpath, the optical nodes at which its path begins and ends are 
respectively called the source node and the destination node; the nodes (if any) on the 
lightpath in-between the source and destination nodes are called intermediate nodes. An 
optical circuit is a bi-directional, end-to-end (between the access nodes providing the ingress 
to and egress from the optical network for the traffic carried by that optical circuit) path 
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through the optical network. Each of the two directions of an optical circuit is made up of one 
or more lightpaths. Specifically, when a given direction of the end-to-end path of an optical 
circuit will use a single wavelength, then a single end-to-end lightpath is provisioned for that 
direction (the source and destination nodes of that lightpath are access nodes of the optical 
network and are the same as the end nodes of the optical circuit). However, in the case where 
a single wavelength for a given direction will not be used, wavelength conversion is necessary 
and two or more lightpaths are provisioned for that direction of the end-to-end path of the 
optical circuit. Thus, a lightpath comprises a lambda and a path (the series of optical nodes 
(and, of course, the interconnecting links) through which traffic is carried with that lambda). 
[0007] Figures 1 A and IB are block diagrams illustrating an optical circuit of a typical 
SONET/SDH based optical network. In the SONET/SDH world, AIS/RDI signals are 
generated by the first node that detects a failure of loss of signal (LOS) (e.g., a loss of an 
electrical signal) in order to suppress the alarms. Both AIS and RDI may be used as triggers 
to initiate a protection switch action. Note that because the SONET based network assumes 
that the signal is fully regenerated at each node, only one node would ever detect a LOS on its 
ingress. On the egress of that node, it would still send a framed SONET signal that contained 
null data with alarm information in its overhead. Downstream nodes would thus not detect a 
LOS but would see AIS in the overhead. The downstream node would associate defects 
related to that signal to the fault reported by an upstream node. 
[0008] Referring to Figure 1 A, where there is a unidirectional path failure, the 
intermediate node C is the first node to detect such a failure. Since each of the nodes in the 
SONET/SDH based network regenerates signals at its respective egress. The downstream of 
the path (e.g., nodes D and E) still receive optical signals. Typically, in response to the 
detection, intermediate node C sends AIS signals to both downstream nodes to notify the fault 
conditions. The terminating node (e.g., node E) may return an RDI signal to its upstream 
nodes (e.g., nodes A-D) of the optical circuit. 
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[0009] In a case of bi-directional path failures, as shown in Figure IB, both nodes B and C 
send AIS signals to their respective downstream adjacent nodes (e.g., nodes D and A) for the 
notification purposes. The downstream nodes that receive such notification signals may 
rebroadcast the notification messages (e.g., an AIS signal) to its respective adjacent 
downstream nodes. 

[0010] As a result, each of the intermediate nodes may be required to receive such 
notification messages, convert the optical notification messages into electrical signals, and 
regenerate another notification message to its adjacent nodes. 

[0011] Photonic switching equipment (e.g., equipment that does not typically perform 
optical to electrical conversion of switching, with exception of adding and dropping traffic) 
used in all-optical networks, although not widely deployed yet, it is typically based on the 
GMPLS architecture. The GMPLS architecture also uses signaling protocols, such as RSVP- 
TE, to perform hop-by-hop data path establishment, removing, arid fault notification. When a 
fault on a data path is detected, a fault notification message is sent hop-by-hop to the source . 
and destination nodes. Such a notification relies on the transmission speed of the signaling 
channel which is typically 10/100 Mbps. 

[0012] Such notification messages (e.g., AIS/RDI or RSVP-TE) may be queued during 
the transmission (e.g., particularly, during the signal conversions between the electrical 
domain and the optical domain). As the optical network grows, particularly, in a mesh optical 
network, such notification messages are getting larger and larger which put a heavy burden on 
the network traffic. As a result, the fault notification may be delayed significantly. 
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SUMMARY OF THE INVENTION 



[0013] A method and apparatus for fault notification in an optical network are described 
herein. In one embodiment, an exemplary process includes detecting at a node that at least a 
portion of a first unidirectional path of an optical circuit is down, where the first unidirectional 
path is originated from a first terminating node. In response to the detection, the node signals 
the first terminating node by removing at least a portion of light of a second unidirectional 
path in an opposite direction of the first unidirectional path of the optical circuit, to indicate a 
path between the node and the first terminating node is down. Other features of the present 
invention will be apparent from the accompanying drawings and from the detailed description 
which follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings in which like references indicate similar elements. 
[0015] Figures 1 A and IB are block diagrams illustrating a typical SONET/SDH based 
fault notification of an optical network. 

[0016] Figures 2A and 2B are block diagrams illustrating an example of a wavelength 
division multiplex optical circuit according to one embodiment of the invention. 
[0017] Figures 3 A and 3B are block diagrams illustrating an example of a wavelength 
division multiplex optical circuit according to another embodiment of the invention. 
[0018] Figures 4A and 4B are block diagrams illustrating an example of a wavelength 
division multiplex optical circuit according to another embodiment of the invention. 
[0019] Figure 5A is a block diagram illustrating an example of an access node of a 
wavelength division multiplex optical network according to one embodiment of the invention. 
[0020] Figure 5B is a block diagram illustrating an example of an access node of a 
wavelength division multiplex optical network according to an alternative embodiment of the 
invention. 

[0021] Figure 6 is a flow diagram illustrating an example of a process for fault 
notification in a wavelength division multiplex optical network according to one embodiment 
of the invention. 
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DETAILED DESCRIPTION 



[0022] A method and apparatus for fault notification in an optical network are described 
herein. In one embodiment, instead of using a signal at each node receiving the fault 
notification that requires a conversion between an optical domain and an electrical domain 
(e.g., AIS/RDI or RSVP-TE) to detect a failure as in a conventional approach, the presence or 
absence of light corresponding to a wavelength of a path (path/wavelength), also referred to as 
a channel or a lambda, is used as an indication whether the respective path/wavelength is 
down or broken, to notify the terminating nodes of the path/wavelength of the optical circuit 
(e.g., the source and the destination nodes). Thus, the notification does not rely on a particular 
type of electronic framing or packet scheme. As a result, overall end-to-end path notification 
has been greatly improved. 

[0023] In the following description, numerous specific details are set forth (e.g., such as 
logic resource partitioning/sharing/duplication implementations, types and interrelationships , 
of system components, and logic partitioning/integration choices). However, it is understood 
that embodiments of the invention may be practiced without these specific details. In other 
instances, well-known circuits, software instruction sequences, structures and techniques have 
not been shown in detail in order not to obscure the understanding of this description. 
[0024] References in the specification to "one embodiment", "an embodiment", "an 
example embodiment", etc., indicate that the embodiment described may include a particular 
feature, structure, or characteristic, but every embodiment may not necessarily include the 
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily 
referring to the same embodiment. Further, when a particular feature, structure, or 
characteristic is described in connection with an embodiment, it is submitted that it is within 
the knowledge of one skilled in the art to effect such feature, structure, or characteristic in 
connection with other embodiments whether or not explicitly described. 
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[0025] In the following description and claims, the terms "coupled" and "connected," 
along with their derivatives, may be used. It should be understood that these terms are not 
intended as synonyms for each other. Rather, in particular embodiments, "connected" may be 
used to indicate that two or more elements are in direct contact with each other (e.g., 
physically, electrically, optically, etc.). "Coupled" may mean that two or more elements are 
in direct contact (physically, electrically, optically, etc.). However, "coupled" may also mean 
that two or more elements are not in direct contact with each other, but yet still co-operate or 
interact with each other. 

[0026] Figures 2A and 2B are block diagram illustrating an exemplary fault notification in 
an all-optical network according to one embodiment of the invention. In contrast to the 
SONET/SDH based optical network, AIS/RDI mechanisms may not be applied in a 
straightforward fashion to optically transparent networks. For example, if a fiber is cut, every 
downstream node will detect loss of signal (LOS) (e.g., loss of optical signals or loss of light). 
According to one embodiment of the invention, only terminating nodes generate AIS or RDI 
type signals. 

[0027] Referring to Figures 2 A and 2B, according to one embodiment, the exemplary 
optical circuit includes a unidirectional path 201 from terminating node A to terminating node 
E and unidirectional path 202 from terminating node E to terminating node A. Between 
terminating nodes A and E, there may be zero or more intermediate nodes, such as, for 
example, intermediate nodes B, C, and D. Paths 201 and 202 may be physically implemented 
within a single fiber with opposite directions. Alternatively, paths 201 and 202 may include 
multiple optical fibers. Each of the paths 201 and 202 may include multiple wavelengths, also 
referred to as channels or lambdas. For example, in a typical WDM (wavelength division 
multiplexing) network, each fiber may include up to 40 wavelengths. Alternatively, there 
may be up to 80 wavelengths in a DWDM (dense WDM) network. It will be appreciated that 
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more or less wavelengths may be implemented within a fiber or a path. Terminating nodes A 
and E may be a source or a destination node of the optical circuit. 

[0028] Referring to Figure 2A, where there is a unidirectional path failure, exemplary 
optical circuit 200, as an example, includes terminating nodes A and E (also referred to as end 
nodes) and zero or more intermediate nodes B, C, and D in between. The exemplary optical 
circuit 200 may be a part of an optical ring network or an optical mesh network. It will be 
appreciated that more, less, or no intermediate nodes may be implemented between the 
terminating nodes A and E. In one embodiment, exemplary optical circuit 200 includes a 
unidirectional path 201 from terminating node A to terminating node E and a unidirectional 
path 202 from terminating node E to terminating node A. Paths 201 and 202 may be 
implemented within a single fiber. Alternatively, paths 201 and 202 may be implemented 
within different fibers. Terminating nodes A and E may be a source or a destination node of 
the optical circuit. The intermediate nodes B, C, and D may or may not be access nodes. 
[0029] The unidirectional paths 201 and 202 may be established using a variety of 
techniques apparent to those with ordinary skill in the art. According to one embodiment, the 
unidirectional paths 201 and 202 may be established and provisioned based on a service level 
topology associated with the respective path or paths. Further detailed information 
concerning establishments and provisioning of the paths may be found in a co-pending U.S. 
Patent Application No. 10/754,931, filed January 9, 2004, entitled "A Method and Apparatus 
for a Network Database in an Optical Network", and assigned to a common assignee of the 
present application. The above-identified U.S. patent application is hereby incorporated by 
reference. 

[0030] For illustration purposes, it is assumed that terminating node A is a source node of 
the optical circuit while terminating node E is a destination node of the optical circuit. In this 
example, path 201 may be referred to as a transmission path while path 202 may be referred to 
as a return path corresponding to the transmission path. When a failure occurs between the 
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path from node B to node C, all downstream nodes (e.g., nodes C, D, and E) will detect LOS, 
where absence of signal is depicted as a dotted line. The failure may be resulted from a fiber 
failure, such as, for example, a fiber cut between nodes B and C. Alternatively, the failure 
may be resulted as a wavelength (e.g., a channel or a lambda) failure within the path, such as, 
for example, the malfunctioning laser device corresponding to that wavelength. 
[0031] According to one embodiment, unlike the conventional approaches, where each 
intermediate node (e.g., nodes C and D) may be required to send a notification message (e.g., 
AIS/RDI or RSVP-TE protocols) to notify its respective adjacent nodes, only the terminating 
node E will respond to the LOS and generate a notification signal via path 202 to notify the 
opposite terminating node A, while the intermediate nodes (e.g., nodes B, C, and D) do not 
send notification messages in response to the detection of LOS. 

[0032] . In a case of bi-directional failure, as shown in Figure 2B, the failures between 
nodes B and C are detected by the terminating nodes A and E because of LOS detected at the 
terminating nodes. Similar to the example of unidirectional failure illustrated in Figure 2A, 
the intermediate nodes B, C, and D would not send any notification messages in response to 
the detected LOS. As a result, the detection and notification of the failures have been greatly 
improved. 

[0033] Figures 3A and 3B are block diagram illustrating an example of a fault notification 
in an optical circuit of an all-optical network according to another embodiment of the 
invention. In one embodiment, exemplary optical circuit 300 includes multiple access nodes 
interconnected via one or more links. Each of the access nodes detects at a node, which may 
or may not be an access node, that at least a portion of a first unidirectional path of an optical 
circuit is down, the first unidirectional path being originated from a first terminating node, and 
signals the first terminating node by removing at least a portion of light of a second 
unidirectional path in an opposite direction of the first unidirectional path of the optical 
circuit, to indicate a path between the node and the first terminating node is down. 
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[0034] Referring to Figure 3A, according to one embodiment, the exemplary optical 
circuit includes a unidirectional path 301 from terminating node A to terminating node E and 
unidirectional path 302 from terminating node E to terminating node A. Between terminating 
nodes A and E, there may be zero or more intermediate nodes, such as, for example, 
intermediate nodes B, C, and D. Paths 301 and 302 may be physically implemented within a 
single fiber with opposite directions. Alternatively, paths 301 and 302 may include multiple 
optical fibers. Each of the paths 301 and 302 may include multiple wavelengths, also referred 
to as channels or lambdas. For example, in a typical WDM (wavelength division 
multiplexing) network, each fiber may include up to 40 wavelengths. Alternatively, there 
may be up to 80 wavelengths in a DWDM (dense WDM) network. It will be appreciated that 
more or less wavelengths may be implemented within a fiber or a path. Terminating nodes A 
and E may be a source or a destination node of the optical circuit. The intermediate nodes B, 
C, and D may or may not be access nodes. 

[0035] The unidirectional paths 301 and 302 may be established using a variety of 
techniques apparent to those with ordinary skill in the art. According to one embodiment, the 
unidirectional paths 301 and 302 may be established and provisioned based on a service level 
topology associated the respective path or paths, such as those illustrated in the above- 
identified incorporated co-pending patent application. 

[0036] For illustration purposes, it is assumed that terminating node A is a source node of 
the optical circuit while terminating node E is a destination node of the optical circuit. In this 
example, path 301 may be referred to as a transmission path while path 302 may be referred to 
as a return path corresponding to the transmission path. When a failure occurs between the 
path from node B to node C, all downstream nodes (e.g., nodes C, D, and E) will detect a LOS 
(e.g., loss of light), where absence of signal is depicted as a dotted line. The failure may be 
resulted from a fiber failure, such as, for example, a fiber cut between nodes B and C. 
Alternatively, the failure may be resulted as a wavelength (e.g., a channel or a lambda) failure 
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within the path, such as, for example, the malfunctioning laser device corresponding to that 
wavelength. 

[0037] According to one embodiment, unlike the conventional approaches, where each 
intermediate node (e.g., nodes C and D) may be required to send a notification message (e.g., 
AIS/RDI or RS VP-TE protocols) to notify its respective adjacent nodes, only the terminating 
node E will respond to the LOS and remove at least a portion of the light of path 302 to notify 
the opposite terminating node A, while the intermediate nodes (e.g., nodes B, C, and D) do 
not send perform any notification in response to the detection of LOS. Unlike the 
embodiments illustrated in Figures 2A and 2B, the terminating node E, in this case, a 
destination node, turns off the light of the corresponding return path (e.g., path 302 as 
depicted as dotted lines shown in Figure 3B) as a signal to notify the opposite terminating 
node A that at least a portion of path 301 or path 302 is down. In one embodiment, the light 
may be turned off by turning off the corresponding laser(s) or alternatively, by removing the 
corresponding photonic cross connect(s) associated with. the path(s). Terminating node A, in 
this case, a source node, may be notified by not receiving an optical signal (e.g., light) of path 
302. As a result, terminating node E does not have to convert the optical signal into an 
electrical signal to generate a notification signal, such as an AIS/RDI or RSVP-TE signal, to 
notify terminating node A. 

[0038] Figures 4A and 4B are block diagrams illustrating an example of a fault 
notification in an optical circuit of an all-optical network according to another embodiment of 
the invention. The exemplary optical circuit may be viewed as a detailed aspect of the 
embodiments shown in Figures 3 A and 3B. According to one embodiment, in response to the 
detection of the LOS of a wavelength of a unidirectional path (e.g., path/wavelength), each of 
the downstream nodes checks whether the respective node is a terminating node of the optical 
circuit, such as, for example, a destination node of the optical circuit. If it is determined that 
the respective node is a terminating node of the optical circuit, the terminating node removes 
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the light of a wavelength in an opposite direction with respect to the failed wavelength. In 
one embodiment, the light of the wavelength in the opposite direction may be removed by 
turning off the corresponding laser associated with the wavelength. Alternatively, the light 
may be removed by removing the corresponding photonic cross connect associated with the 
wavelength. As a result, the other terminating node at the other end of the optical circuit (e.g., 
the source node) will receive no light of that wavelength as an indication of a failed 
wavelength within the optical circuit. 

[0039] Referring to Figure 4 A, in one embodiment, exemplary optical circuit 400 includes 
terminating nodes 401 and 403, and zero or more intermediate nodes 402. The terminating 
nodes 401 and 403 may be a source node or a destination node of the optical circuit. Each of 
the nodes 401-403 includes one or more photonic cross connects (PXCs) (e.g., PXCs 404- 
406) for switching traffic from the respective ingress port to an egress port. The nodes 401- 
403 of the optical circuit 400 are interconnected via one or more links. Each of the links may 
include one or more fibers and each fiber may include one or more wavelengths (also referred 
to as channels or lambdas), such as, for example, 40 wavelengths in a WDM network or 80 
wavelengths in a DWDM network. 

[0040] In this embodiment, for illustration purposes, it is assumed that terminating node 

401 is a source node of the optical circuit 400 while terminating node 403 is a destination 
node of the optical circuit. Unidirectional path 420 from terminating node 401 to terminating 
node 403 may include one or more fibers 415 and 416. Unidirectional path 430 from 
terminating node 403 to terminating node 401 may include one or more fibers 417 and 418. 
Fibers 415-418 may be the same fiber having opposite unidirectional paths 420 and 430. 
Alternatively, fibers 415-418 may be different fibers. The one or more intermediate nodes 

402 may or may not be access nodes. 

[0041] In this example, path 420 may be referred to as a transmission path while path 430 
may be referred to as a return path corresponding to the transmission path. When a failure of 
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a wavelength of path 420 occurs between terminating node 401 and intermediate node 402, 
such as, for example, a wavelength of fiber 415 of path 420 is down as illustrated in the 
balloon), all downstream nodes (e.g., terminating node 403 and any of the intermediate nodes 
between the failure and that terminating node) will detect a LOS (e.g., loss of light), where 
absence of signal is depicted as a dotted line. The failure may be resulted from a wavelength 
(e.g., a channel or a lambda) failure within the path, such as, for example, the malfunctioning 
laser device corresponding to that wavelength. 

[0042] In this example, the failed wavelength of path 420 (e.g., path/wavelength) is 
represented by wavelengths 407 to 410 across every nodes of the path 420. As a result of a 
failed wavelength of fiber 415, downstream nodes 403 and 402 will detect the LOS on 
wavelengths 408-410, as depicted as dotted lines. According to one embodiment, in response 
to the detection of LOS, each of the downstream nodes (e.g., terminating node 403 and zero or 
more intermediate nodes 402) checks whether the respective node is a terminating node of the >. 
optical circuit. If so, the terminating node will turn off the light of the corresponding 
wavelength of the unidirectional return path of the optical circuit. 
[0043] In this example, since the one or more intermediate nodes 402 are not the 
terminating nodes of the optical circuit 400, the one or more intermediate nodes 402 will not 
performing signaling the terminating nodes of the optical circuit. However, when terminating 
node 403 detects the LOS, the terminating node 403 turns off the light of the corresponding 
wavelength (represented by wavelengths 411-414) of the unidirectional return path 430, as 
illustrated in Figure 4B. As a result, terminating node 401 receives no light on the 
corresponding wavelength 414 of path 430. Since no notification messages or protocols are 
involved in this embodiment, there is no need to convert the optical signals to electrical 
signals in order to notify a terminating node concerning the failures of a wavelength of a path. 
As a result, a terminating node is notified in a much quicker manner. In one embodiment, the 
light of the wavelength in the opposite direction may be removed by turning off the 
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corresponding laser associated with the wavelength. Alternatively, the light may be removed 
by removing the corresponding photonic cross connect associated with the wavelength. Other 
methods for removing at least a portion of light may be utilized within the scope of the 
embodiments of the invention. 

[0044] Figure 5A is a block diagram illustrating an example of an access node of an all- 
optical network according to one embodiment of the invention. In one embodiment, 
exemplary access node 500 includes, but not limited to, a detection module to detect that at 
least a portion of a first unidirectional path of an optical circuit is down, the first 
unidirectional path being originated from a first terminating node, and a control module 
coupled to the detection module to signal the first terminating node by terminating at least a 
portion of light of a second unidirectional path in an opposite direction of the first 
unidirectional path of the optical circuit, to indicate that the first unidirectional path is down. 
[0045] Referring to Figure 5 A, according to one embodiment, exemplary access node 500 
includes one or more photonic cross connects (PXCs) 504 and 505 to provide cross connect 
services for the unidirectional or bi-directional traffic. Each of the PXCs includes one or 
more individual PXCs (e.g., PXCs 506-509) to handle cross connect services for each 
wavelength (e.g., lambda or channel). In addition, according to one embodiment, exemplary 
access node includes a control module 501 coupled to the PXCs 504 and 505, and one or more 
photonic detectors 502 and 503. The PXCs 504 and 505 may be the same PXCs for handling 
bi-directional traffic. In addition, the exemplary access node 500 includes one or more 
add/drop multiplexers (ADMs) (not shown) to allow traffic get on or off the respective optical 
circuit. 

[0046] According to one embodiment, photonic detectors 502 and 503 may be used to 
detect whether there is a LOS on a wavelength. The detection may be performed on a 
wavelength basis. In one embodiment, the photonic detectors 502 and 503 may be photo 
diodes that can detect presence or absence of the light on a per wavelength basis. When a 
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LOS of a wavelength is detected by the photonic detector, the photonic detector notifies the 
control module. According to one embodiment, the control module determines whether the 
access node is a terminating node of an optical circuit. If the access node is determined to be 
a terminating node of an optical circuit, the control module instructs a PXC to turn off a light 
of a wavelength in an opposite direction of the failed wavelength to notify the other 
terminating node of the optical circuit failure. Alternatively, the control module may alter the 
PXC or switch off the laser, etc. for the purposes of signaling. 

[0047] For example, for illustration purposes, it is assumed that wavelength 510 is down 
or broken (e.g., a loss of light) as illustrated by a dotted line. As a result, a LOS detected by 
photonic detector 502. In response to the detection, photonic detector 502 notifies control 
module 501 regarding the status of wavelength 510. Control module 501 determines whether 
access node 500 is a terminating node of the optical circuit corresponding to the 
path/wavelength 510. If control module 501 determines that access node 500 is a terminating 
node of the optical circuit, control module 501 instructs PXCs 505 to turn off the light of the „ 
corresponding wavelength of a path in an opposite direction of the paths controlled by PXCs 
504, as illustrated by a dotted line of the balloon of path 51 1.. If control module 501 
determines that access node 500 is not a terminating node of the optical circuit, control 
module 501 may simply ignore the detection with respect to the signaling the terminating 
nodes of the failure. 

[0048] Similarly, photonic detector 503 may detect any wavelength of path 512 that has 
lost light. In return, photonic detector 503 may notify control module 501 regarding the LOS 
of the wavelength of path 512. If the access node 500 is a terminating node of the 
corresponding optical circuit, control module 501 may instruct the PXCs 504 to turn off the 
light of the corresponding wavelength in the opposite direction of path 512, such as, for 
example, a wavelength in at least one of paths 513 and 514, to notify the other terminating 
node of the corresponding optical circuit. In this manner, there is no need to convert the 
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optical signals into electrical signals and use the notification packets (e.g., AIS/RDI or RSVP- 
TE) to notify the other terminating node (e.g., a source node). As a result, the speed of fault 
notification has been greatly improved. In one embodiment, the light of the wavelength may 
be removed by turning off the corresponding laser associated with the wavelength. 
Alternatively, the light may be removed by removing the corresponding photonic cross 
connect associated with the wavelength. 

[0049] Alternatively, according to another embodiment of the invention, the photonic 
detector may detect the loss of optical signals (e.g., loss of light) across the connections 
between the PXCs and the ADM, as shown in Figure 5B. In this embodiment, the optical 
signals that are detected by the photonic detector are the optical signals terminated or 
originated at a terminating node of an optical circuit. That is, the optical signals of a non- 
terminating node would not be detected by the photonic detector because the optical signals 
are not terminated or originated at a non-terminating node. Therefore, when the phonotic r 
detector, which is located between the PXC and the ADM, detects a loss of light at one or : 
more path/wavelengths, the corresponding node would most likely a terminating node of the 
respective optical circuit. As a result, the node may not need to determine whether the 
corresponding node is a terminating node before responding the detection of the loss of light, 
because when the control module receives such a detection from the photonic detector, the 
corresponding node would most likely be a terminating node of the optical circuit. It will be 
appreciated that other configurations may exist. 

[0050] Further detailed information concerning the exemplary nodes illustrated in Figures 

5A and 5B can be found in a co-pending U.S. Patent Application No. , by Christopher 

M. Look, having an applicant's reference number of 6518P010, entitled "A Method And An 
Apparatus To Detect Signal Failure On A Per Wavelength Basis", filed February 23, 2004, 
and assigned to a common assignee of the present application, which is hereby incorporated 
by reference. 



Atty Docket No.: 6518P004 



18 



Patent Application 



[0051] Figure 6 is a flow diagram illustrating an example of a process for fault 
notifications in an optical network according to one embodiment of the invention. Exemplary 
process 600 may be performed by a processing logic that may comprise hardware (circuitry, 
dedicated logic, etc.), software (such as is run on a dedicated machine), or a combination of 
both. In one embodiment, exemplary process 600 includes, but not limited to, detecting at a 
node that at least a portion of a first unidirectional path of an optical circuit is down, the first 
unidirectional path being originated from a first terminating node, and signaling the first 
terminating node by removing at least a portion of light of a second unidirectional path in an 
opposite direction of the first unidirectional path of the optical circuit, to indicate a path 
between the node and the first terminating node is down. 

[0052] Referring to Figure 6, at block 601, a node detects that at least a portion of a first 

unidirectional path of an optical circuit is down, where the first unidirectional path is . 

originated from a first terminating node of the optical circuit, such as, for example, a source , ; | 

node. In one embodiment, the detection may be performed based on a per wavelength basis. 

For example, a node may detect that one or more wavelengths of the path (e.g., 

path/wavelength) are down. According to one embodiment, the node may detect the failed 

wavelength by detecting the loss of light of the respective wavelength as an indication of the 

failed wavelength. 

[0053] In response to the detection, at block 602, the node determines whether the 
respective node is a terminating node of the optical circuit, such as, for example, a destination 
node of the optical circuit. In one embodiment, the determination is performed based on 
information related to the path containing the failed wavelength, which may be stored in a 
database maintained by the node. In the embodiment as shown in Figure 5B, the 
determination of whether the node is a terminating node may not needed. 
[0054] If the node is determined to be a terminating node of the optical circuit, at block 
603, the node signals the first terminating node via a second wavelength of a path in an 
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opposite direction of the failed path of the optical circuit to indicate the first path/wavelength 
is down. In one embodiment, the node turns off the light of the second path/wavelength, such 
that the first terminating node (e.g., the source node) would not receive the light of the second 
path/wavelength as an indication of the failure of the first path/wavelength. In one 
embodiment, the light of the second path/wavelength may be removed by turning off the 
corresponding laser associated with the second path/wavelength. Alternatively, the light may 
be removed by removing the corresponding photonic cross connect associated with the second 
path/wavelength. If the node is not a terminating node of the optical circuit (e.g., a destination 
node of the optical circuit), the node may simply ignore the detection of LOS of the first 
path/wavelength for the purposes of signaling the terminating nodes of the failure. Other 
operations apparent to those with ordinary skill in the art may be included. 
[0055] . Thus, A method and apparatus for fault notifications in an optical network have 
been described herein. In the foregoing specification, the invention has been described with 
reference to specific exemplary embodiments thereof. It will be evident that various 
modifications may be made thereto without departing from the broader spirit and scope of the 
invention as set forth in the following claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative sense rather than a restrictive sense. 
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